Abstract Outdoor urban areas are very important for cities and microclimate is a critical parameter in the design process, contributing to thermal comfort which is important for urban developments. The research presented in this paper is part of extensive field surveys conducted in Athens aimed at investigating people's thermal sensation in a Mediterranean city. Based on 2313 questionnaires and microclimatic data the current work focuses on the relative frequencies of people's evaluation of the thermal along with the sun and wind sensations between two seasons trying to identify the seasonal differences in thermal sensation. The impact of basic meteorological factors on thermal discomfort with respect to season are also examined, as well as the use of the outdoor environment. Results show that psychological adaptation is an important contributing factor influencing perception of the thermal environment between seasons. In addition, the thermal sensation votes during the cool months show that individuals are satisfied to a great extend with the thermal environment whereas the combination of high air temperature, strong solar radiation and weak wind lead to thermal discomfort during summertime. As far as the appropriate urban design in the Mediterranean climate is concerned, priority should be given to the warm months of the year.
Introduction
Τhe investigation of the various environmental parameters that influence, determine or alter the thermal sensation in public areas has become an important issue during the last years. Air temperature, mean radiant temperature, humidity, and wind speed along with the personal parameters of metabolic heat generated by human activity and clothing worn by a person are the basic fundamental factors which affect the human response to the thermal environment (Fanger 1970) . Thermal environments greatly influence thermal sensation since they determine the heat exchange between the human body and its environment. When an individual experiences thermal stress causing discomfort, it can create heat-related symptoms such as fatigue, headaches, nausea, confusion, cramping, and reduced capacity to work with potential for heat stroke or exhaustion (Vanos et al. 2010) . Thermal comfort is defined as 'the condition of mind that express satisfaction with the thermal environment' (ASHRAE 1966) and researchers attempt to predict the thermal environment that will lead to thermal comfort based on the above mentioned environmental and behavioral factors. In the past, environments were often assessed only in terms of air temperature but this approach is insufficient since it ignores the other five parameters (Parsons 2003) .
Several studies have been carried out to investigate the thermal comfort conditions through field surveys in various urban areas and climatic characteristics worldwide , e.g. in Sydney (Spagnolo and De Dear 2003) , Dhaka (Ahmed 2003) , Ghardaia (Ali-Toudert and Mayer 2006) , Sri Lanka (Emmanuel et al. 2007 ), Taiwan (Lin 2009 ), Equador (Johansson and Yahia 2011) , Damascus (Yahia and Johansson 2012) , Hong Kong (Cheng et al. 2012) , Phoenix (Declet-Barreto et al. 2013) , Singapore (Yang et al. 2013) , Israel (Pearlmutter et al. (2014) . Considerable research has also been conducted in Europe. Following the early work of Nikolopoulou et al. (2001) in the UK, Nikolopoulou and Lykoudis (2006) investigated the thermal comfort conditions in fourteen European cities. Knez and Thorsson (2006) investigated how differences in culture between Sweden and Japan might affect the thermal sensation perception. Oliveira and Andrade (2007) , conducting simultaneous questionnaire surveys and weather monitoring in an open area in Lisbon, showed that thermal comfort can be maintained with temperatures well above the standard values defined for indoor conditions. Lenzholzer (2010) compared the 'real' and the perceived microclimate by interviewing visitors in three Dutch urban squares. Kántor and Unger (2010) used the GIS application ArcView, along with microclimatic monitoring, in order to reveal patterns of area usage according to thermal conditions in Hungary. Krüger et al. (2013) , comparing the differences in thermal comfort levels between a rural setting and urban sites in Glasgow, showed that the urban sites exhibited a consistent lower level of thermal discomfort during daytime. A recent research work of Kántor et al. (2016) that was conducted in a wide range of geographical regions revealed that thermal sensitivity and neutral temperature values are significantly different between summer and the two transient seasons.
A comprehensive presentation of the thermal comfort studies that have been conducted across the world the last decades are presented in the review works of Chen and Ng (2012) and Rupp et al. (2015) An earlier review by Nikolopoulou (2011) identified that the majority of previous research is in broad agreement on the difficulty of approaching thermal comfort and adaptation plays an important role. Adaptation is the process of change by which an organism becomes better suited to its environment and can be divided into physical, physiological and psychological (Nikolopoulou et al. 1999; Nikolopoulou and Steemers 2003) .
The present research work examines seasonal differences in thermal sensation that may occur due to adaptation process. The study is carried out in Athens, a city for which previous research works have been conducted to address thermal comfort issues (e.g. Tseliou and Tsiros 2016; Tsiros and Hoffman 2014; Shashua-Bar et al. 2012; Charalampopoulos et al. 2014; Nastos and Matzarakis 2013) , however only very few studies were based on both environmental monitoring and questionnaire data (e.g. Nikolopoulou and Lykoudis 2007; Tseliou et al. 2013; Pantavou et al. 2013) . None of the above mentioned studies, however, has adequately addressed the seasonal differences in thermal sensation that occur due to adaptation process. This was initially addressed by Nikolopoulou and Lykoudis (2006) whereas Tseliou et al. (2013 Tseliou et al. ( , 2015 presented the thermal comfort range and the thermal sensation zones for the warm and the cool months for the microclimate of Athens, respectively.
The present study considers the differences in thermal sensation that occur between the warm and cool months resulting in different perception of the thermal environment, evaluating the combined effect of basic meteorological parameters for the two seasons of the Mediterranean climate of the city of Athens. The effect of the basic meteorological parameters on thermal discomfort with respect to season is examined along with the use of the outdoor environment. In addition, the logistic regression model is adopted and applied to determine the thermal sensation zones for the warm and the cool months taking into consideration the combined influence of four basic environmental parameters.
Study areas
The study was conducted in three neighborhood public spaces that consist of typical resting-places (Fig. 1) . Athens (37 0 58′ 46″ N 23 0 42′58″ E), has a Mediterranean, mild humid climate with dry warm and hot summers. Figure 2 presents the mean monthly temperature values, as well as, the monthly relative humidity (%).(www.hnms.gr, Tsiros and Hoffman 2013) . Accordingto the climatic data (Fig. 2) , the year can be splitted into two seasonal periods, the cool months lasting from October to April and the warm months from May to September. The ventilation of Athens is characterized as relatively poor with low wind speed regime. (Tsiros and Hoffman 2014; Santamouris et al. 1999) .
Methodology Field surveys and data
The field surveys, consisting of field measurements and structured questionnaire-guided interviews, took place intermittently in the period 2010-2012 at different times of the year to evaluate seasonal differences. More specifically, they were conducted during the months of October, November, March and April, representing the cooler months according to the climatic characteristics of Athens and the months May, June, July and September representing the warm months of the year. The duration of the field surveys was affected by the time of year and people visiting the areas. Table 1 presents the specific dates and the duration of the field surveys. As the main aim of the study was to evaluate subjective responses to thermal comfort, such as people's actual thermal sensation, the interviews were adapted to the visiting hours in the various spaces so that people could participate in the surveys. As the examined areas are neighborhood squares relying on local use, there is not a high volume of people crossing through; on the contrary the main user group was locals residing in the surrounding neighborhoods staying at the areas on an average of 1 to 3 h. This highlights the challenges of gathering questionnaire data during some periods. More specifically, no surveys were conducted during the coldest months of the year, i.e. December to February, due to the limited visits in the areas. Similarly, the open spaces were not used much during the month of August, which traditionally constitutes the summer holiday, with many business closing down for the period and the majority of people taking their annual leave.
During the warm months the measurements were divided into 'morning' (from 10:00LST to 15:00LST) and 'evening' (from 17:30LST -20:00LST), as visits of the local population are very limited between the hours of 15:30LST and 17:00LST. As this period coincides with the hottest part of the day, cultural norms are followed and pedestrian activity is limited. More specifically, the neighborhood market is closed during these hours and citizens stay indoors, where it is cooler, waiting for the evening hours for the market to open again when the outdoor microclimatic conditions are more favorable and outdoor use becomes more pronounced.
During the cool months field surveys took place from 10:00LST to 17:00LST, as during these hours most people are found outdoors and most activities taking place. After 17:00LST the microclimatic conditions are typically cool for this period, it is becoming darker and people prefer to stay indoors. In total, more than the 2/3 of the visitors were interviewed, whereas during the days with extreme weather conditions only few people were visiting the examined areas and all of them were interviewed.
A portable mini weather station was placed at a height of 1.1 m close to the interviewees recording the microclimatic conditions during the interview (Fig.1b  and Fig1c ). For more details on the meteorological instrument and the monitoring procedures the reader should refer to Tseliou et al. 2015 .
In order to investigate the actual thermal sensation the questionnaire was divided into three categories including questions/variables on general information (1st category), thermal sensation record (2nd category) and human perception regarding the examined areas (3rd category). Sample of the questionnaire used is presented in Tseliou et al. (2015) , with the current work focusing only on the 2nd category of the questionnaire which includes the following questions/variables (along with the code numbers of each variable): Thermal neutrality, identified through the 'neither cool nor warm' vote on the scale of thermal sensation (Actual thermal sensation vote, ATSV), is considered to be the thermal comfort zone. Additionally, thermal comfort is found at conditions where preference is for no change (Fanger 1973) . Each possible answer is represented by a code number to facilitate the presentation of the results. The statistical analysis was performed using Statgraphics® and SPSS®. To ensure statistical significance among variables the χ 2 test, suitable for categorical variables, was used.
The PET (physiologically equivalent temperature) thermal bioclimatic index For the purpose of the present study, the PET (Physiologically Equivalent Temperature) index was applied (Hoppe 1984 (Hoppe , 1993 (Hoppe , 1999 Mayer and Hoppe 1987; Matzarakis and Mayer 1997; Matzarakis et al. 1999) . PET is defined as 'the air temperature of a reference environment in which the heat budget of the human body is balanced with the same core and skin temperature as under the complex outdoor conditions to be assessed' (Hoppe 1999) . The RayMan Pro model was employed as it is a suitable model for the calculation of PET. For more details on the PET index and the Rayman model the reader should refer to Matzarakis 2000; Matzarakis et al. 2007 Matzarakis et al. , 2010 . Data overview
Microclimatic measurements
The mean air temperature that was recorded from the portable mini weather station presented considerable differences between the two seasons is 31.0°C for the warm and 20.0°C for the cool months. On the other hand, the difference recorded in wind speed between the two seasons is negligible (0.6 m.s −1 for the warm months vs. 0.7 m.s −1 for the cool months).
Questionnaire data 1st category -descriptive statistics
In total 2313 questionnaires were collected, 37% corresponding to the warm months and the remaining 63% to the cool months, representing the higher number of people found outdoors in the cooler period. There was an even distribution between males and females with 48.8% and 51.2% respectively. The age-profile of participants was more predominant in the '25-35' category, with the different categories represented as follows: child 3%, adolescent 11%, 18-25 12%, 25-35 26%, 35-45 15%, 45-55 10%, 55-64 10% and >65 13%.
2nd category -thermal sensation & microclimatic conditions
Examining first the variable 'thermal comfort', where participants evaluate the thermal environment holistically without differentiating for the different meteorological parameters, highlighted that the overwhelming majority is for thermal comfort despite the wide range of environmental conditions for both seasons (almost 87.0% for the warm and 82.0% for the cool months) (Fig. 3 ), which could be indicative of adaptation taking place.
Results and discussion
Relative frequency of the variable 'thermal comfort' with respect to ATSV, sun and wind sensation zones
Figures 4, 5 and 6 present the relative frequency of the thermal comfort/thermal discomfort votes of the variable 'thermal comfort' for each ATSV, sun and wind sensation zone, respectively, for both the warm months (a) and the cool months (b). Figure 4 shows the percentage distribution of thermal comfort/ discomfort votes for each ATSV scale, for the warm months ( Fig. 4a ) and the cool months (Fig. 4b) . Regarding the warm months, Fig. 4a shows that the 'hot' and the 'very hot' zones of ATSV concentrate 34.8% and 50.0% of the 'thermal discomfort' votes, respectively. The central and the cooler ATSV zones present remarkable high percentages of the overall 'thermal comfort' votes exceeding 96.0%. Regarding the cool months, Fig. 4b reveals that, remarkably, more than the 90.0% of the 'thermal comfort' votes corresponds to the central zones of ATSV (−1 to +1). The 'very cold' zone is directly related with the 'thermal discomfort' votes while the 'cold', 'hot' and 'very hot' zones of ATSV concentrate the 57.0%, 33.0% and 52.0% of the 'thermal discomfort' votes, respectively. Figure 5 shows the percentage distribution of thermal comfort/ discomfort votes for each sun sensation zone, for the warm months (5a) and the cool months (5b). For the warm months, Fig. 5a reveals that the percentage of 'thermal discomfort' votes increases as we move towards higher sun sensation zones. Thus, the 'little sun' and 'pleasant' sun zones present approximately the same percentage of 'thermal discomfort' votes that is, 5.8% and 7.5%, respectively whereas the percentage of 'thermal discomfort' votes increases to 25.3% for the 'sunny' and to 36.2% for the 'too much sun' zones. As for the cool months (Fig. 5b) , the 'pleasant' sun zone is notable related with the 'thermal comfort' votes concentrating the 91.8% of the votes. Additionally, the percentages of 'thermal comfort' votes are also high and comparatively the same for the other sun zones varying approximately from 65.0% to 77.0%. Figure 6 shows the percentage distribution of thermal comfort/discomfort votes for each wind sensation zone, for the warm months (6a) and the cool months (6b). For the warm months, Fig. 6a reveals that the percentage of 'thermal discomfort' votes increases as we move towards smaller wind categories. Thus, the 'little wind' and 'windy' zones present approximately the same percentage of 'thermal discomfort' that is, 82.8% and 85.0%, respectively, whereas it increases to 100% for the 'stale wind' zone. As for the the cool months (Fig. 6b) , the 'stale' and 'little wind' zones concentrate the 16.9% and 18.3% of the 'thermal discomfort' votes, respectively, whereas the 'pleasant' wind zone presents a notable 89.0% of the 'thermal comfort' votes. The 'windy' and 'too much wind' zones are a little more related with thermal Relative frequencies of ATSV, sun and wind between the warm and cool months Figure 7a , b and c compare the relative frequency of each category of ATSV, sun sensation and wind sensation for the warm and the cool months, indicating the general tendency of each category for the different variables. Regarding ATSV, the greatest frequency presents the 'neither cool nor warm' which is gathering the 35.0% out of the total amount of votes (26.7% during the cool months and 8.34% during the warm months).
Comparing the two seasons, cool months gather three times more 'neither cool nor warm' votes than warm months, implying that the environmental conditions that occur during the specific period satisfy the interviewers more than those occur during the warm months. Next follows a 19.1% of the total amount of votes that corresponds to the 'slightly warm' category (12.0% during the warm months and 7.0% during the cool months). Considering that during the cool months the air temperature was on average 10°C lower than during the warm months the difference in votes between the two periods is considered to be expected. The extreme ATSV categories (±3) are very small with only 0.39% (0.39% during the cool months and 0.0% during the warm months) and 3.93% (2.7% during the warm months and 1.3 during the cool months), respectively. It is worth mentioning that although the 'hot' category is very similar for both seasons, it is slightly higher for the cool months (7.0% of the total votes during the warm months and 9.7% during the cool months). This can be explained considering that during the cooler months of the year the greater number of people enjoy the outdoor environment during the calmer days of the period, where they find them warmer as the usual resulting in their voting. Considering that the climate of Athens is hot and dry during summer the 'very hot' category would be expected to gather a greater percentage of votes. However, responses such as 'hot is logical for summer' or 'for summer the temperature is good' indicate that participants are well adapted in their thermal environment and the factor of psychological adaptation enables individuals to demonstrate great tolerance in the outdoor environment where all the climatic changes occur naturally. Likewise, focusing on the cool months the relative frequencies among the 'cold', 'slightly cool', slightly warm' and the 'hot' categories account for almost the same percentage of votes despite the fact that the ambient environment is cooler, especially with respect to the warm months, but warmer with respect to the cool months. Thus, comments such as 'too hot for winter' were quite frequent during the field surveys.
Regarding the variable 'sun sensation', the greatest frequency, 47.2%, accounts for the 'pleasant' category. The 33.7% of them corresponds to the cool months, implying satisfaction regarding the solar radiation conditions on average of about 400Wm −2 . Only 13.5% is for 'pleasant sun' for the warm months despite the fact that during this period evening field surveys (17:00-20:30 LST) were also conducted. This is mostly because during the morning field surveys the average solar radiation was about 800Wm
. The 'sunny' and the 'too much sun' votes have the same percentage for the two seasons implying cool months in general with plenty of sun. The variable 'wind sensation' follows the same relative frequency among the two seasons. The highest relative frequency is for the 'pleasant' wind, which is 43.2% (25.0% for the cool months and 18.2% for the warm months). The 'little wind' category gathers the 34.4% of the total amount of votes (13.6% for the warm months and 20.8% for the cool months). The extreme 'too much wind' category is negligible for both seasons, which is expected given the very low wind speed throughout the surveys (0.6 m.s −1 and 0.7 m.s −1 the warm and the cool months, respectively). It is interesting, that under the same wind speeds that occur during the two seasons, differences in the relative frequencies of wind votes are attributed to the combined effect of air temperature and solar radiation differences, concerning the thermal effects that influence perceptions regarding the wind conditions.
The impact of air temperature, sun and wind to thermal discomfort
To evaluate the impact of air temperature, solar radiation and wind speed on thermal discomfort the latter was isolated and examined with respect to 'ATSV', 'sun sensation' and 'wind sensation' variables. Figure 8 presents the ATSV percentage distribution for those in thermal discomfort for the different seasons.
Examining the ATSV percentage distribution of the warm months (Fig. 8a) it is observed that the extreme votes of ATSV, 'hot' and 'very hot', are directly related with thermal discomfort' votes. 50.0% of the 'thermal discomfort' votes is gathered in the 'hot' category of ATSV followed by 7.0% in 'very hot' and 11.4% in the 'neither cool nor warm' category. The remaining categories of ATSVaccount for less than 7.0%. As far as the cool months is concerned (Fig. 8b) , there is not a clear trend in the concentration of the ATSV categories. Thus, an almost equal distribution of votes is observed, that is, 31.0% in the 'cold' and 28.0% in the 'hot' category while the 'neither cool nor warm' category is gathering 23.0% of the votes. Figure 8c reveals that, for the 'thermal discomfort' votes of the warm months, the warmer ATSV zones are related with remarkable high percentages of 'prefer cooler' votes that exceed the 95% for the scales ATSV: +2 and +3. Even the 'neither cool nor warm' scale presents a 75% of 'prefer cooler' votes. Figure 8d reveals that, for the 'thermal discomfort' votes of the cool months the warmer ATSV zones concentrate high percentages of 'prefer cooler' votes that exceed the 65%. Accordingly, the cooler ATSV zones (ATSV: −2 and −3) concentrate notably high percentages of 'prefer warmer' votes that exceed the 84%. Figure 9 presents the 'sun sensation' percentage distribution for those in thermal discomfort for the different seasons. Regarding the warm months, it is clear that the 'sunny' zone is directly related with thermal discomfort. The other sun sensation zones gather almost the same percentage of votes that is 15.0% to 17.0%. For the cool months the 'little sun' zone concentrates the larger percentage of votes, 46.4%, while the 'pleasant' and the 'sunny' zones gather 25.0% of the votes. Figure 10 presents the 'wind sensation' percentage distribution for those in thermal discomfort for the different seasons. During the warm months (Fig. 10a ) the largest percentage of votes concentrates in the 'little wind' category, which is 47.4%, while the 'pleasant' wind category accounts for 28.0%, indicating the desire for the cooling effect of wind during the summer. Regarding the cool months (Fig. 10b) , there is not a clear trend for the 'wind sensation' distribution since the four of the five categories of wind concentrate a similar percentage of votes. 
Use of outdoor space
To enable microclimate and thermal comfort to be considered at the design of outdoor urban areas, it is important to evaluate whether the environmental conditions in the study areas influence their usage. Figure 11 illustrates the frequency distribution for interviewees' actual thermal sensation votes for the warm and the cool months.
During the cool months the majority of people were found outdoors voted the 'neither cool nor warm' category of ATSV and it is interesting to note that this thermal sensation category gathers more than double amount of the interviewees' votes compared with those of the 'slightly cool' and the 'slightly warm' categories. This implies that people enjoy the environmental conditions that occur during the cool months. It is worth mentioning that for the cool months, the number of votes that correspond to ATSV: +2 is greater than the number of votes that correspond to ATSV: -2 (ATSV: +2 = 225 votes; ATSV: −2 = 146 votes), implying that the environmental conditions occur during these months are quite mild. For the warm months the majority of interviewees' actual thermal sensation votes were recorded in the 'slightly warm' category and then followed the 'neither cool nor warm' category. The fact that the majority of people were found outdoors in higher temperatures when the majority of ATSVs was +1, suggests that people enjoy feeling warm. The small number of votes that gather the extreme ATSV categories (−3) and (+3) during the two seasonal periods might be explained due to thermal adaptation of citizens to the climatic conditions. For instance, during some extreme weather conditions that occurred during the cool months, although the number of visitors was significantly lower, the few interviewees did not vote for the extreme −3 ATSV category, as it would be expected, and they claimed they enjoyed the cold weather. The total number of interviewees found outdoors in the three examined areas is also examined for each degree of air temperature (Fig. 12) for the different seasons. This figure is used as a proxy for use and the tinvestigated sites are presented as a whole.
With a coefficient of determination (R 2 ) on the order of 0.50 for both seasons (R 2 = 0.57 for the warm months and R 2 = 0.48 for the cool period), 50% of the people found outdoors can be attributed to air temperature. With increasing air temperature the number of people in the study areas increases, reaching a critical air temperature value and then gradually decreases. This critical value is differentiated between the two seasons; the peak temperature shows a 10.0°C deviation between the two seasons, at 30.5°C for the warm months and 19.5°C for the cool months. This is in agreement with previous analysis (Tseliou et al. 2015) , which defined the acceptable air temperature conditions for Athens, 26.0-32.0°C for the warm and 17.0-21.0°C cool months, with the optimum values close to the temperature where the highest number of people is found outdoors. This suggests a 10°C displacement of the comfort zone between the two seasons, which can be attributed to adaptation and is in agreement with previous studies in the Mediterranean climatic context (Nikolopoulou and Lykoudis 2006; Nikolopoulou 2011) 
Expectations in thermal environment
In the context of psychological adaptation, 'expectation' of the acceptable air temperature becomes important for thermal satisfaction. The analysis of thermal preferences showed that during the cool months 74.0% are satisfied with the environmental conditions whereas 18.0% prefer warmer conditions. During the warm months fewer people are satisfied, 48.0%, when compared to the cool months, while 49.0% prefer cooler conditions.
For each ATSV category Table 2 presents the percentage distribution of thermal preference for both seasons. For the cool months 92.9% of 'neither cool nor warm' category vote for 'No change'. The percentage of 'slightly warm' (81.7%) and 'slightly cool' (62.8%) categories who vote 'No change' is also high. Interestingly, 67.0% of the people that have voted for the 'hot' category of ATSV have reported 'No change' during the cool months. This appears to demonstrate that individuals acknowledge the hot conditions, despite not preferring cooler ones. On the other hand, during the warm months it is clear that as we move to warmer ATSV categories the percentage of the 'Prefer cooler' votes increases, although for 81.5% of the 'slightly cool' category of ATSV votes people have voted for 'No change'. In summary, thermal neutrality does not appear to be the preferred thermal state for satisfaction, with a degree of environmental stimulation being desirable, another characteristic of psychological adaptation (Nikolopoulou 2011) .
Thermal sensation zones
In this step, the range of each thermal sensation category was defined for the warm and cool the months under the combined influence of the average values of air temperature (Tair), solar radiation (Sol. Rad), relative humidity (RH) and wind speed (WSP). For this purpose, the logistic regression analysis was applied. This method was used previously in the works of Nikolopoulou and Lykoudis (2006) and Tseliou et al. (2015) . For more details on the method the reader should refer to Tseliou et al. 2015 who applied the method to microclimatic and survey data on a yearly basis. In this study, the method is applied on a seasonal basis. The four meteorological parameters were considered as the 'quantitative factors' and each thermal sensation zone was considered as the 'dependent variable' of the regression model. The categories of ATSV, 'very hot' (3) and 'very cold' (−3) were excluded from the evaluation since they were found to present statistical insignificance due to limited number of votes in these categories. The transition curves depicting ATSV zones for the warm and cool months are presented in Fig. 12 . The code-number shown between the two transition curves corresponds to the ATSV zone with the same code-number. More over, the temperature value ranges and the P-values of the residuals for each category of ATSV, for the both periods are presented in Table 3 . The average solar radiation, relative humidity and wind speed, for the warm months is 229.0 W.m −2 , 33.0% and 0.6 m.s −1 , respectively (Fig. 13a) . The rather low average value of solar radiation (229.0 W.m
), which is not typical for the climatic conditions of Athens, during the warm months is due to the evening measurements (17:00-20:30 LST) that were conducted. It was decided to keep this value, instead of excluding the evening measurements, to ensure more representative estimation of the thermal sensation. The thermal comfort zone is as wide as 12.6°C (16.9°C -29.5°C). Neutral temperature is 23.2°C, calculated to be at the central of thermal comfort range (Table 3) .
The 'slightly warm' zone is 29.6°C -41.7°C. 'Slightly cool' zone has disappeared and has been overlaid by the 'cold' zone, since the air temperature has a 0.0°C range at 16.8°C. Fig. 12 Number of interviewees, exploited as a proxy for use of space outdoors for each degree of air temperature for the warm and the cool months for the three examined areas Results are in line with previous research work (Tseliou et al. 2015) , which revealed that individuals present less tolerance in low air temperature values and greater tolerance in high air temperature values implyingpotential for acclimatization to warmer environmental conditions. This finding is in line with previous studies in thermal physiology (Nikolopoulou 2011) . In a previous study where the combined impact of air temperature, solar radiation, relative humidity and wind speed was examined annually, the 'slightly cool' zone presented a narrow temperature range, about 5.7°C, varying between 11.2°C and 16.9°C (Tseliou et al. 2015) .
Among P-values, only the P-values of the 'neither cool nor warm' category present statistical significance implying that more factors seem to affect this zone of ATSV.
As far as the cool months are concerned, the average value of solar radiation, relative humidity and wind speed is 428.0 W.m , respectively (Fig. 13b) . The thermal comfort zone is 8.5°C wide and fluctuates between 17.2°C and 25.7°C. Neutral temperature is found to be at the central of the zone at 21.4°C (Table 3 ). The 'slightly warm' category fluctuates between 25.8°C and 35.2°C and the 'slightly cool' category presents a range of 6.7°C, ranging from 10.4°C to 17.1°C.
ATSV, microclimatic parameters and PET index estimations
The next step in the present study is to examine the relationship among the actual thermal sensation votes and the air Warm months of the year ). Actual Thermal sensation scale: cold (−2), slightly cool (−1), neither cool nor warm (0), slightly warm (1), hot (2) ), mean radiant temperature (Tmrt o C) and PET. In the case of the air temperature, mean radiant temperature and PET, the ATSV values were averaged for each 1.0°C bin whereas in the case of wind speed the ATSV values were averaged for each 0.1 m.s −1 bin. Figure 14 illustrates the relationship between air temperature and thermal sensation with corresponding regression lines for the warm and the cool months. The term 'Neutral Temperature' is often used to describe thermal comfort and considered to be in the central 'neither cool nor warm' category (ATSV = 0), where people are considered to be in a state of neutrality. Then, based on the linear regression models (Fig. 14) , the neutral temperature for the two seasonal periods is calculated by setting y = mATSV = 0. It is found that the neutral temperature differentiates from 25.7°C during the warm months to 19.5°C during the cool months. A difference of 6.2°C between the neutral temperatures in the warm and cool months reveals an effect of seasonal adaptation on thermal comfort as a result of behavioral (such as clothing adjustment) and psychological adaptation (such as experience and expectations). The slopes of the changes in the thermal sensation with increased air temperature were 0.13 for the warm months and 0.17 for the cool months. Based on the linear regression models we can calculate that a slope of 0.13 means that a change to the next thermal sensation category corresponds to 7.7°C increase in air temperature during the warm period and a slope of 0.17 means that a change to the next thermal sensation category corresponds to 6.0°C during the cool months. These results reveal that changes in thermal sensation happen easier during the cool months. Figure 15 illustrates the relationship between mATSV and the wind speed for the warm and the cool months. The low coefficient of determination (R 2 ) for the two seasonal periods indicates that wind speed plays a secondary role in terms of thermal sensation in the case of Athens. Indeed, less than 20% of the changes in thermal sensation categories could be explained by changes in wind speed in both the warm (R 2 : 0.08) and the cool months (R 2 : 0.16). However, it is important to note that the average wind speed that was recorded during the field surveys was 0.6 m.s −1 for the warm months and 0.7 m.s
for the cool months, which it could be characterized quite mild to cause important changes in thermal sensation. However, based on this evidence, we could note that the same wind speed affects thermal sensation more during the cool months, highlighting the sensitivity to lower air temperatures and colder conditions. Mean Radiant Temperature presents the same trend for the warm and the cool months and it is another important parameter that affects thermal sensation as illustrated in Fig. 16 . Both the warm and the cool months present the same value : 0.76) which explains the 76% of the changes in thermal sensation. The slopes of the changes in the thermal sensation with increased mean radiant temperature were 0.09 for the warm months and 0.06 for the cool months. Based on the linear regression models we can calculate that a slope of 0.09 implies that a change to the next thermal sensation category corresponds to a 10.8°C change in mean radiant temperature during the warm months, while a slope of 0.06 means that a change to the next thermal sensation category corresponds to a 17.0°C change in mean radiant temperature during cool months. These results reveal that, as opposed to air temperature, in the case of mean radiant temperature changes in thermal sensation happen easier during the warm months.
The bioclimatic index PET was also applied to predict the interviewees' thermal sensation and to be compared with the actual thermal sensation votes (Fig. 17) . Results show that ATSV presents stronger correlation with the PET index during the warm months where the determination coefficient is 0.94. The correlation between PET and ATSV appears to be strong for the cool months as well where the R 2 is 0.83. The neutral PET temperature for both the warm and the cool months was also calculated following the same method used above for the determination of the neutral air temperature. For the warm months, by setting ATSV = 0 in the fitted regression line the PET value in which people feel neutral is 26.5°C, which is almost 3.5°C higher comparing with the conventional PET scale where the neutral zones varies between 18 and 23°C. For the cool months, the neutral PET temperature is found to be 19.4°C which it is included in the neutral zone of the conventional PET scale. These findings reveal that the PET value that people feel neutral differs between the warm and the cool months of the year. Moreover, the results of the present study are in line with previous research work of Tseliou and Tsiros (2016) 
Concluding remarks and implications
The analysis for Athens, a city with Mediterranean climate, highlighted that the vast majority of individuals are in 'thermal comfort' for both the warm (86.6%) and cool (82.4%) season, despite the average difference in air temperature of more than 10.0°C, suggesting that individuals are well adapted in their thermal environment. This finding is in agreement with previous research work of Nikolopoulou and Lykoudis (2006) who revealed that the levels of overall comfort were very high for the 14 European cities investigated, demonstrating that in the vast majority people is satisfied with the environment since overall comfort on an annual basis was over 75% for all cities.
Comparing thermal neutrality between the two seasons, as a proxy for thermal comfort, the highest percentage of votes in the 'neither cool nor warm' category (ATSV =0) is observed during the cool months (42.0%) which also constitutes the category of ATSV that gathers the majority of votes among the other ATSV categories during the cool months. This also influences people's attendance in the outdoor urban areas, which is bigger during the cool months when the majority of the thermal sensation responses are for the 'neither cool nor warm' category of ATSV. This suggests that despite the wide adaptive capacity, the most pleasant environmental conditions occur during the cool months where the average air temperature, solar radiation and wind speed vary at around 15°C, 400Wm −2 and 0.7 m.s
, respectively. This is in agreement with previous work in similar climatic contexts. For example Spagnolo and De dear (2003) also found a similar difference in distribution between seasons in Sydney, while Yahia and Johansson (2012) showed that the highest percentage of people feeling comfortable in Damascus was during winter.
As far as the warm months in concerned, the category of ATSV that gathers the majority of votes is 'slightly warm' (ATSV = 1: 32.0%) while the 'neither warm nor cool category' accounts for 27.0% of the votes. Warm months. The combination of 'hot' (ATSV =2: 50.0%) and very hot conditions (ATSV = 3: 27.0%), strong sun (sun sensation =1: 53.0%) and little wind (wind sensation = −1: 47.0%) are strongly related with the 'thermal discomfort' votes.
Focusing on the total number of Bthermal discomfortv otes during the cool months, the only clear trend towards concentration of votes is the sun variable, where the 46.0% of interviewees voted Blittle sun^.
The use of space appears to be strongly dependent on the outdoor conditions, as the number of people increases with the air temperature increase until a critical value which is different between the two periods that is 30.5°C the warm months and 19.5°C the cool months. People's adaptive capacity and the effect of experience and expectations is partly responsible for the deviation of this critical value which is more than 10.0°C between the seasons.
Regarding 'thermal preference'74.0% of the participants are satisfied with the air temperature during the cool months whereas for the warm months this is 48.0%, in agreement with previous findings of the present study that imply that participants are more satisfied with the environmental conditions during the cool months.
The examination of the thermal sensation categories under the combined influence of four meteorological parameters showed that only the 'neither cool nor warm zone of ATSV presents statistical insignificance in the P-values of residuals in both the warm and the cool months This finding suggests that apart from the neutral category of ATSV, the examined parameters are adequate to predict the other thermal sensation zones. In the case of the 'neither cool nor warm' category the finding implies that other factor should also be taken into consideration such as adaptation and other personal parameters. This result is in agreement with previous findings of Tseliou et al. (2015) who examined the thermal sensation zones under the combined effect of the same four meteorological parameters, annually. The neutral temperature is estimated to be 23.2°C for the warm months and 21.4°C for the cool months. This difference in neutral temperatures between seasons has also been founded for other European cities (Nikolopoulou and Lykoudis 2006) . The neutral temperatures appear to follow the profile of the respective climatic temperatures on a seasonal basis, hence, as climatic air temperature increases, the closer neutral temperature is to it (Nikolopoulou 2011) .
The analysis of the relationship between thermal sensation and air temperature, wind speed, mean radiant temperature and PET showed that the same trend is apparent, where each examined parameter appears to affect thermal sensation in almost the same level as compared to the two seasonal periods. The strongest correlation was observed between ATSV and Tair (warm months: R 2 = 0.93, cool months R 2 = 0.95) and the weakest between ATSV and wind speed. Regarding Tair the neutral temperature for Athens Mediterranean climate was calculated to be 25.7°C for the warm months and differentiates to 19.5°C during the cool months. Similarly, the neutral PET temperature is found to be 26.5°C for the warm months and 19.4°C for the cool months. Such difference of people's thermal sensation between the seasons demonstrates adaptation taking place.
In terms of implications for urban design, findings such as the ones presented in this study may provide some useful information for designers to identify priorities for the development of urban areas. In the case of Athens, undoubtedly, adaptation plays an important role in extending the comfort zones at different seasons, priority should be given to the warm months of the year to prevent overheating and enhance cooling. As an example, regarding the vegetation, dense deciduous trees should be preferred in order to offer shade and protection from the strong solar radiation during the warm months, but also let sunlight during the cool months. However, the presence of evergreen trees is also necessary since there is enough sunlight during the cool months, making access to shade occasionally desirable. Despite the fact that the average wind speed is quite low both during the summer and the winter, appropriate installation of the trees from the urban designers could improve the ventilation especially during the warm period or reversely provide protection in the cooler period. Improving the thermal comfort conditions in the urban spaces by applying the knowledge acquired regarding the thermal preferences of citizens may contribute to the sustainable development of cities by reducing energy consumption and energy demands and at the same time improving the social and cultural lifestyle by helping people come close to nature.
